Two field experiments were carried at the Experimental Station Farm, Faculty of Agriculture, Mansoura University, Egypt, during 2014 and 2015 seasons to evaluate impact of Farmyard manure (Without -FYM), mineral (100%, 75% and 50% NPK of recommended doses), bio-fertilizers (Without -Yeast -Seaweed -EM) and their interactions on chemical components, quality and yield of okra (Abelmoschus esculentus L.) cv. White velvet. Data obtained in this study cleared that, fertilizing okra plants with FYM (organic treatments) at rate of 20m 3 /fed increased significantly all measured parameters, i.e. chlorophyll a, b and total, nitrogen, phosphorus and potassium percentages in leaves, crude protein %, total carbohydrates %, crude fibers %, vitamin C, beta carotene, nitrate concentration and total yield/fed compared with control treatment (without) except crude fiber in the second season. However, fertilizing okra plants with 75% NPK from recommended doses gave the highest values of all studied parameters in the first season except nitrate and yield. Meanwhile, the superiority of all parameters mentioned previously in the second season was obtained from 100% NPK treatment except chlorophylls content. Moreover, treated plants with biofertilizers increased significantly all studied characters compared with untreated plants, except nitrate content. The interaction treatment among FYM at the rate of 20 m 3 /fed, 75% NPK from recommended doses and EM (2ml/l) addition gave the highest values of quality and yield with significant differences in both seasons of study. Therefore, this treatment could be recommended for improving okra production and decrease the amount of mineral fertilizer under similar circumstances of this study.
INTRODUCTION
Okra (Abelmoschus esculentus L.) belongs to the family Malvaceae. It is rich source of vitamins, i.e. A, C and B 2 as well as minerals, i.e. Ca and Fe. It is used as a medicine in the treatment of the peptic ulcer. Okra is recommended for consumption by World Health Organization due to its ability to fight diseases. The cultivated areas of okra in Egypt were 12079.2 fed producing 57721 tons with an average of 4.7 ton/fed (FAO, 2016) .
Continuous use of chemical fertilizers usually led to the deterioration of soil chemical, physical and biological properties and in turn soil health. Continuous usage of mineral fertilizer has also contributed to environmental pollution in the long run. The negative effects of chemical fertilization united with escalating costs led to growing interests in the use of organic manure as sources of nutrients, soil amendment, decrease costs and environmental pollution.
Organic fertilizer is a slow releasing nutrient. Mineral fertilizers application at required rates gives a positive impact on yield while organic fertilizers improved quality and chemical constituents of okra (Akande et al., 2010) . Farmyard manure (FYM) is one of the most essential organic fertilizers; it contains most elements that required for plants development. Characteristically, not all of the nutrients in manure are directly accessible after its addition to the soil. Organic types must be mineralized into plant-available forms for example, nitrate. The rate of mineralization is variable and depends on soil type, temperature, moisture, manure composition and microorganism's activities. Olaniyi et al. (2010) and Chattoo et al. (2011) on okra indicated that the highest yield obtained from plants treated with organic fertilizer. Also, Subrahmanvam et al. (2011) reported that the highest values of fruits number /plant, fruit diameter, and total yield were produced when okra plants were treated with organic and bio-fertilizers. In the same direction, Kibria et al. (2013) showed that the combined application of 50% chemical fertilizer plus50% organic fertilizer gave best performance in terms of okra (Ladies finger) yield. As well as, Uikey et al. (2015) reported that the highest values of pea plant i.e. height, leaves and pods number /plant, number of seeds /pod and yield of green seeds were received by using 10 t/ha FYM. Huosman et al. and Melese (2016) found that fertilizing garlic and lettuce plant with 10 and 15 t/ha FYM respectively improved significantly yield and its components. Doklega and Abd El-Hady (2017) on broccoli showed that organic fertilizers gave maximum values of plant growth, yield and quality parameters.
Nitrogen, phosphorus and potassium are the most important nutrients needed by the plant in relatively large quantities compared to other nutrients. Using organic and mineral fertilizers together on okra plants has a greater beneficial residual impact than can be derived from use of either organic manure or mineral fertilizers alone (Akande et al., 2010) . As well as, Swapana et al. (2012) reported that FYM or vermicompost application at 10 t/ha with 75% NPK significantly gave higher yield of pea over that in mineral NPK or FYM alone. Dawa et al. (2013) showed that increasing fertilization with NPK to 100% of recommended doses cause significant increases in pea plants growth, yield and its components compared to organic manure and bio-fertilizer treatments. Also, Ganesh and Kumar (2016) found that 75% NPK + compost improved plant growth and yield of onion and cassava. As well as, Khandaker et al. (2017) reported that addition of NPK at the rates of 190 kg/ha and 210 kg/ ha on okra plants gave the highest growth and yield followed by application of NPK at the rates of 170 kg/ ha and 150 kg/ha. Doklega and Abd El-Hady (2017) found that fertilized broccoli plants with 75% NPK of recommended doses gave the highest values of yield and quality.
Bio-fertilizer is a substance containing living micro-organisms such as fungi, bacteria and blue green algae. Bio-fertilizers are applied as foliar application on plant surface and soil, which colonize the root rhizosphere that promotes plant growth and development through biological activity. Bio-fertilizers may influence plant growth and productivity via one or more mechanisms as improving nutrient uptake, nitrogen fixation, organic acids production, safeguard against plant pathogens and excretion growth regulators such as IAA and GA 3 . Application of bio-fertilizers achieve the following aims: limiting plant requirements of N by 25%, increasing the availability of different nutrients for plant absorption, enhancing the resistance of plants to root diseases and decreasing the environmental pollution (Kannaiyan, 2002) . In addition, Mal et al. (2013) showed that the highest yield of okra was obtained when treated with bio-fertilizer followed by mineral fertilizers. In the same direction, Barnali et al. (2014) concluded that application of biofertilizers plus recommended doses of NPK would be beneficial in terms of vegetative growth, fruit yield and economics of okra. Also, Sharma et al. (2014) and Wangchuk and Chhetri (2016) suggested that application of bio-fertilizers interacted with mineral fertilizers had influenced growth and yield attributes in okra.
Yeast as a bio-stimulator identified by its abundance in protein, sugars, lipids, nucleic and some minerals, e.g. Mg, K, P, Na, Fe, S, Zn, Mn as well as thiamin, pyridoxine, riboflavin, hormones and other growth regulating substances, such as biotin, folic acid and B12 (Nagodawithana, 1991) . Mahmoud et al. (2013) found that foliar spraying with yeast extract at level of (2%) increased all growth parameters, yield and quality of pea. Also, Ibraheim (2014) found significant increments in total chlorophylls contents, N, P, Zn, protein, total sugars and TSS (%) as well as yield/fed compared to untreated treatment when pea plants were sprayed with yeast extract.
Seaweed extract are the new types of products currently used in plant production. The sources of seaweed are many species of marine algae, which seem to be valuable for plant growth and development. As well as, it is considered as biostimulants because of the presence of hormones in the plant. Main phytohormones in seaweed are auxins, gibberellins, abscisic acid, cytokinins and ethylene, which are responsible for plant growth, development and resistance to pathogens (Khan et al., 2009) . Also, Arafa et al. (2012) and showed that foliar spraying potato plants with seaweed extract significantly increased carbohydrate content and yield. Also, Shalaby and ElRamady (2014) reported that foliar with seaweed extract improved plant growth and yield of garlic plants.
Effective microorganisms (EM) cause hastening and increasing growth of plants. It improves development of roots system, stimulate plants photosynthetic ability with the increase of chlorophyll and protein formation, rise of antioxidant ability of plants, amino acids formation which, important for the synthesis of protein, hormones, and different biologically active compounds, it affects chemical elements availability, as well as it has positive impact on the content of lipids, carbohydrates, and gluten content. Abdel Naby et al. (2013) on carrot plants showed that the interaction treatment compost, bio-fertilizer (EM) and 75% NPK gave significant superiority of yield and quality. Also, Dawa et al. (2013) found that fertilization with 50% NPK and foliar spraying pea plants with humic acid plus EM gave higher values without significant differences in plant growth and yield/fed as compared to 100% NPK alone. Similarly, Muyang et al. (2014) reported that potato plants treated with EM increased vegetative growth parameters and yield. Doklega and Abd El-Hady (2017) found that treated broccoli plants with EM (10ml/plant) recorded significant superiority on yield and quality parameters.
Therefore, this research aimed to evaluate the response of okra plants to usage of organic manure and biofertilization as a partial alternative to chemical fertilizers to increase yield, quality and reduce environmental pollution, costs and protection of human health.
MATERIALS AND METHODS
Experimental design and treatments: twenty-four treatments were organized in strip-split plot design which were the simple feasible combinations among two organic fertilizers (without -FYM 20 m 3 /fed) in main plots, three mineral levels (100 -75 and 50% NPK from recommended doses) in sub plots and four sources of bio-fertilizers (Yeast extract 5g/L, Seaweed 1g/L, EM 2ml/L, and 0) in sub sub plots with 3 replicates for each treatment.
Seeds of okra were sown in 15 and 20 April 2014 and 2015 respectively on rows, 4 m length, 0.6 m width and 0.3 m apart between plants and every plots included 3 rows. All other farming practices for okra plants were used as recommended by Ministry of Agriculture. The physical and chemical properties of the experimental soil are presented in Table1 during both seasons. Farmyard manure fertilizer (20 ton/fed) was applied during soil preparation. The chemical analysis of FYM is presented in Table 2 . Mineral fertilization was done as follow: calcium super phosphate (15.5% P 2 O 5 ) at the level of 150 P 2 O 5 /fed was added during soil preparation, while Ammonium sulphate (20.5 N%) at the level of 150 kg N/fed and potassium sulphate (48% K 2 O) at the rate of 50 K 2 O/fed (recommended by Egyptian Ministry of Agric.)were divided into three equal parts; the first one was added after one month from sowing, the second at the beginning of flowering and the third after one month later in both seasons. Bio-fertilization treatments were done five times; the first was one month after sowing and the others were every 7 days. Yeast extract and seaweed extract were sprayed on plant surface while EM was soil addition.
Measurements:
Five plants were taken at random from every plot at 70 days after seeding to determine the following measurements during both seasons. Chemical composition:-• Chlorophyll content in okra leaves were estimated as the method described by Goodwine (1965) .
• N, P and K percentage in leaves of okra were determined according to AOAC (2000) method. Quality parameters:
• Crude protein percentage in okra fruits was calculated by multiplying the total nitrogen by the factor 6.25.
• Total carbohydrates percentage was estimated in okra fruits according to the method described by Hedge and Hofreiter (1962) .
• Crude fiber percentage and Vitamin C (mg/100g) in okra fruits were determined according to the method described in AOAC, (2000).
• Beta carotene (mg/100g) was estimated in okra fruits according to the method according to Aremu and Nweze (2017) .
• Nitrate content (NO 3 -N ppm) was determined according to the method described by Singh (1988) .
Yield of okra:
After 75 days from sowing, okra fruits were harvested from each plot every 3 days and total yield of fruits was calculated as ton/fed.
Statistical analysis:
Data were statistically analyzed according to the technique of ANOVA for strip split plot design according to Gomez and Gomez (1984) . While, least significant difference (LSD) method at 5% levels of probability used to compare the means as mentioned by Snedcor and Cochran (1980) .
RESULTS AND DISCUSSION

Effect of organic fertilizer (FYM):
FYM fertilizer gave significant superiority of all measurements i.e. chlorophyll a, b and total, nitrogen, phosphorus and potassium percentages in leaves, crude protein %, carbohydrates %, crude fibers %, vitamin C, beta carotene, nitrate contents in fruits and total yield/fed compared to untreated treatment (control) except crude fiber in the second season as shown in Tables 3,5,6 and 8.
These results may be due to that FYM content of organic matter, nitrogen % and appropriate C/N ratio made nutrients more easily available to plant as shown in Table 2 . It supplies all major nutrients (N, P, K, Ca, Mg and S) which, important for plant growth, and micronutrients. Hence, it improves soil physical, chemical, biological properties, soil water holding capacity and improves root development. Our results are in harmony with those obtained by Kibria et al. (2013) , Subrahmanvam et al. (2011) on okra and Huosman et al. (2016) on garlic.
Effect of mineral fertilizer:
Concerning the effect of mineral fertilization with 100 %, 75% and 50% from recommended doses, data presented in the same Tables show that 75% NPK from recommended dose gave the highest significant values in chlorophyll content in both seasons of the study, meanwhile the same rate gave only the highest significant values in the first season of N, P and K percentage in the leaves, crude protein %, total carbohydrates %, crude fibers %, vitamin C and beta carotene concentration however, 100% NPK from recommended dose gave significant superiority of the previous measurements in the second seasons, moreover the increment of NO 3 -N and yield in both seasons of the experiment. Both 100% and 75% NPK from recommended doses gave the superiority of all aforementioned parameters. These results may be attributed to the roles played by N, P and K on improvement of plant growth, chlorophyll formation and chemical constituents which reflected on okra yield and quality. These results are harmony with those reported by Khandaker et al. (2017) on okra and Doklega and Abd El-Hady (2017) on broccoli.
Effect of bio-fertilizer:
Tables 3, 5, 6 and 8 show significant superiority when plants treated with all bio-fertilizers (yeast, seaweed and EM) comparing with control treatment in all aforementioned parameters except, NO 3 -N concentration, this indicate that, the application of bio-fertilizer treatments prevent the accumulation of NO 3 in okra fruits. Moreover, the results showed that EM treatment at the rate of 2ml/L gave the highest significant values followed by yeast extract treatment at the rate of 5g/L in both seasons.
Regarding the effect of bio-fertilizers, results may be attributed to that some bio-fertilizers (EM) are substances containing living micro-organisms such as fungi, bacteria and blue green algae. Bio-fertilizers are applied as foliar application on plant surface (yeast and seaweed extract) and soil addition (EM), which colonize the root rhizosphere that promotes plant growth and development through biological activities thus, yeast and seaweed contains amino acids, protein, hormones, macro and microelements, lipids, carbohydrates and gluten. A side from that, EM was the pest treatment due to it causes acceleration of plant development and increased growth measurements because of its components mention previously. The principal factors determining these processes are as follow: improvement of root system formation, stimulation of photosynthetic ability and rise of antioxidant ability of plants. These results are harmony with those showed by Muyang et al. (2014) on potato, Wangchuk and Chhetri (2016) on okra and Doklega and Abd El-Hady (2017) on broccoli.
Effect of interactions:
Concerning the effect of interaction treatments (organic treatment, mineral NPK-levels and biofertilizers) data presented in Tables 4, 7 and 9 found that the highest values of all studied parameters (chlorophyll content, chemical constituents, quality and yield) were recorded when okra plants treated with FYM at the rate of 20 m 3 /fed, 75% NPK from recommended doses and addition of EM at the rate of 2ml/L except NO 3 -N in both seasons. This treatment is desirable to obtained good yield with appropriate quality. These results are in agreement with those reported by Wangchuk and Chhetri (2016) on onion, Ganesh and Kumar (2016) on okra and Doklega and Abd El-Hady (2017) on broccoli. /fed), 75% NPK from recommended doses and EM addition (2ml/L) produce a good yield, and qualities as well as decreasing the production costs. Thus this recommended treatment achieved important additional advantages included saving of chemical fertilization, reducing the accumulation of harmful NO 3 levels in fruits, protected the ecosystem against chemical pollution and gave clean and healthy fruits for human.
